There are in our existence spots of time, That with distinct pre-eminence retain A renovating virtue, whence . our minds Are nourished and invisibly repaired;.
The official homepage http://www.wordsworth.org.uk of the English romantic poet William Wordsworth (1770 -1850 see Wordsworth 1888) adds the following commentary to the above motto: '. 'Spots of time' for Wordsworth are past experiences through which he can trace his own development, as a man and as a poet, and which continue to resonate with new meanings many years after the events themselves.'. The poem itself, and also the commentary, describes time delayed systems and their typical oscillatory behaviour in an artistic way, as researchers try to describe them nowadays using the language of mathematics from economy to psychology, from engineering to biology. In the presence of time delays, the past state of a system determines the present rate of change of the state often resulting in peculiar or even counter-intuitive nonlinear oscillations.
It is a rule of thumb that time delays typically cause instability in dynamical systems. This phenomenon is a primary source of oscillatory behaviour in delayed systems. What makes time delay effects even more critical is the fact that the induced oscillatory behaviour typically involves complex combinations of unstable periodic motions. In mathematical terms, the destabilizing effect of time delays usually lead to subcritical Hopf bifurcations, where unstable periodic orbits are born. Not surprisingly, these complex dynamical systems often exhibit chaotic or transient chaotic behaviour locked in the jungle of unstable periodic motions permanently or temporarily (see introductions by Guckenhiemer & Holmes (1990) or Thompson & Stewart (2002) , and the review of corresponding delayed mathematical models by Campbell (2007) ).
Neural networks are typically hereditary systems, and one of the essential tasks of the brain is to cope with the inherent time delays in its own subsystems. There are clear and simple physical observations on time delay effects that are not part of our common sense or practical thinking. Anybody can observe vibrations in his/her own body either during balancing or during shaking hands with one another. The malfunctioning of the neural system is often related to changes in the delay parameter that usually means an increase in the delays, causing unmanageable shifts in the phases of the neural signals. Some of the visible mechanical consequences are experienced by and known to all of us: tremor in the fingers, the arms or the body; difficulties in balancing; the increased danger of falling over for elderly people or even motion disorders in the case of bursts of epilepsy, multiple sclerosis, Parkinson disease and so on.
It was Helmoltz in 1850 who first drew attention to the unexpectedly slow propagation of signals along the neural pathways. His experiments proved that the speed of neural signal propagation is about one range slower than the speed of sound in air. The corresponding time delays vary from the local values of a couple of milliseconds to the global value of up to 1 second in the human body. This is explained in the concluding part of the first paper of this issue by Nijhawan & Wu (2009) . Another reason for the selection of the first paper from the field of neuropsychology is to show that the same philosophical ideas related to delay effects are linked to each other through distinct disciplines, although all the other papers in this special issue have a strong mathematical character after considering and/or establishing certain biological, electro-chemical or simply mechanical models.
After the introductory study of the interdisciplinary character, the papers in this issue are set in order by the increasing number of neurons involved in the corresponding study. The first group of papers investigate the delayed coupling of a few neurons only. Schöll et al. (2009) consider the influence of time delay in systems of two coupled excitable neurons in the framework of the FitzHughNagumo model where the additional application of time-delayed self-feedback can lead to complex scenarios of synchronized in-phase or antiphase oscillations, bursting patterns or amplitude death. Ermentrout & Ko (2009) use weakly coupled oscillator theory to study the effects of delays on coupled systems of neuronal oscillators such as simple pairs with constant delays, then more complex systems with distributed delays corresponding to dendritic branches or networks where there is a distance-dependent conductance delay. Coombes & Laing (2009) analyse the dynamics of synaptically interacting excitatory and inhibitory neuronal populations modelled first by Wilson & Cowan (1972) . They investigate the effect of two distinct discrete delays in these systems, discuss the interpretation of the delays in the language of neurobiology and show how they can contribute to the generation of network rhythms. Jirsa (2009) considers the even larger scales of spatially continuous networks. These neural fields are subjected to the mutual effects of locally homogeneous and globally heterogeneous connectivity where the finite transmission speed results in a time delay of communication among individual brain areas. The study demonstrates that the local and global connections generate the well-know electroencephalographic (EEG) spectral characteristics observed in large-scale topographies. Marten et al. (2009) introduce a modified mean-field model to describe the brain's electrical activity as recorded via EEG in order to model mechanisms by which transitions from healthy states to those observed from a number of different absence seizures can occur. It is shown that one of the crucial parameters is the time delay that is introduced to describe the different time-scales of interactions for GABA A and GABA B receptors in the specific relay nuclei.
The rest of the papers use models of the overall neural system including the sensory and motor subsystems. Venkadesan & Valero-Cuevas (2009) explore the contact transitions with the fingertip when unavoidable errors arise since sensorimotor time delays prevent an instantaneous switch between the two different torques, the one needed to approach a surface and the other needed to touch it with a static load. It is explained how this biological system is controlled with an anticipatory strategy in a way that it approaches the physical boundaries of performance.
The last two papers deal with balancing. The task of stabilizing an otherwise unstable mechanical system such as our human body while standing still is a challenge for our brain in the presence of the large time delays arising primarily in the auditory, visual and tactile sensory subsystems as well as partially in the motor subsystem. Milton et al. (2009) investigate the human postural sway in the presence of positive feedback and stochastic perturbation where the time delay and the possibility of temporal confinement of the dynamics near to the ideal rest position are in the centre of the analysis. Finally, Stepan (2009) presents a couple of conclusions that can be derived from the Newtonian mechanical models of balancing subjected to neural delays in the sensory system. Correspondence between the possible simplest control strategies and the functioning of the labyrinth in the auditory subsystem as well as the eye in the visual subsystem is discussed.
All these studies of the dynamical behaviour of different parts of the human body aim to shed light on the complex hierarchical control strategy of the human brain developed during evolution. The direction of human brain analysis in cognitive sciences is changing from static and quasi-static visual experiments to more and more complex dynamic ones as can be seen in research work such as that of Bryant et al. (2008) of the Brain Dynamics Centre (http://www.brain-dynamics.net) or other members of BrainNet (http://www.brainnet.org.au). Understanding and summarizing the critical role of time delays in neural dynamics will strengthen this direction of research work. Newtonian mechanics subjected to time delays, and its mathematical counterpart, delay-differential equations, are going to contribute substantially to understanding that the brain has the most challenging task, controlling human motion and interaction with its environment, and also to supporting the development of medical treatments trying to cure illnesses caused by the malfunctioning of our brain.
After 200 years, this group of researchers is focusing on the human brain and trying to capture Wordsworth's idea of our spots of time using delay-differential equations.
